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liogamine (lib) was synthesized starting from the vinyl sul- 
lone 3. Addition of organocuprate reagents to 3 furnished 
!• - d with high stereoselectivity. Only products front the syn 
addition of the cuprate reagents could be detected. Functional 


group transformations provided 7a,b the key intermediates 
for the synthesis of (± )-21-noribogamine (11a) and (±)-ibo- 
gamine (11 b). 


Since the structure determination of ibogamine (11 b) by 
Taylor 2 ’ and since its first synthesis by Biichi and co-work- 
m 1 ' this compound has been the subject of extensive syn¬ 
thetic investigations 3,4) . Also catharanthine (18-methoxycar- 
bonyl-A 3 -l 1 b) as a synthetic precursor of anhydrovinblas- 
tineand vinblastine has attracted the interest in the synthesis 
of this class of compounds 30 ' 41 ’ 1 "". Two different strategies 
far the construction of the isoquinuclidine ring system have 
been elaborated, the Diels-Alder additions to dihydro- 
pyridines 3,4l,j ' k ' 11 or 2-pyridones 4 ' 1 and the bridging of 4-sub- 
itiluted cyclohexenes 4a b ’ C| ' 1 . 

The 2-pyridone approach has shown major disadvantages 
in the regio- and stereochemistry of the cycloaddition of 
methyl acrylate to l-benzyl-2-pyridone due to the structure 
of the diene moiety 40 . Therefore, we have envisaged 1-ben- 
iyi-5-benzyloxy-2(l//)-pyridone (1) as starting material for 
two reasons. First, it behaves like an electron-rich diene in 
the cycloaddition reaction with acceptor-substituted oleli- 
ics 11 ; second, the resulting benzyl enol ether in the product 
can easily be transformed into a keto group in the correct 
position for ring closure with the indole moiety. 

We have previously shown that 3 can be synthesized in 
gram amounts via [4 + 2] cycloaddition of (£)-1,2-bis- 
(phenylsulfonyl)elhene to 1 lb| . The key step of the overall 
reaction sequence is the stereocontrolled syn addition of 
auclcophiles to the vinyl sulfone 3 lb| . We found that organo- 

cuprales add with high syn diaslereoseleclivity to the bi- 
cyclic vinyl sulfone 5 ’ 3 to produce the trans adducts 2a — d 
(Path A). Only in the case of 2b a small amount of the cis 
adduct has been isolated (see Table 1 entry 7). The assign- 
nent of the syn configuration of the substituent R (2a d) 
his unambiguously been made on the basis of the 'H-NMR 
ipectra (Table 2; see also Table 1 in ref.Characteristically 
is observed in the range of 1.0 —2.1 Hz and J K6 . syn = 
14-4.2 Hz lb| . The high stereoselectivity of this syn addition 
an be easily understood in terms of a large unfavorable 1,3- 
&xia! interaction between an und-entering nucleophile and 
one of the methoxy substituents of the acetal function. This 
iffument corresponds well with the observation that lith¬ 


ium dimethylcuprate addition to the ketone derivative of 3 
provides only a product resulting from the anti attack of the 
carbon nucleophile to the vinyl sulfone moiety 6 ’. 


Scheme 1 
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Table 1. Reaction of 3 with organometallic reagents 


Entry 

Nucleophile 

F.quiv. of 
Orgaiiomct. 
rettg. 

Solvent 

Temp. 

m 

Time 

1 M 

Isolated 

yield 

(%) 

Compound 

No 

1 

Mcl.i 

1.0 

THF 

-78 

1 

36 

2 a 

2 

MeMgl 

3.0 

THF 

-78 

3 

O'" 

- 

3 

MeMgl 

3.0 

THF 

+ 20 

12 

45 

2 a 

4 

Me 2 CuLi 

5.0 

ei 2 o 

-78 

2 

0 

— 

5 

Me 2 CuLi al 

5.0 

ECO 

-20 

2 

98 

2 a 

6 

Me 2 CuMgI al 

5.0 

Et 2 0 

0 

2 

81 

2 a 

7 

Et 2 CuMgl a) 

5.0 

Et 2 0 

-20 

2 

97 bi 

2 b a| 

8 

(H,C = CH),CuMgBr a| 

5.0 

Et.O 

-20 

1.5 

77 

2 c 

9 

(HiC = Cll)iCuMgBr" 

2.5 

F.l.O 

-20 

3 

O'" 

- 

10 

(H 2 C = CH) 2 CuMgBr a| 

2.5 

Et 2 0 

+ 20 

3 

O'" 

- 

11 

(n-Bu)iCuLi ' 11 

5.0 

Et 2 0 

-20 

2 

92 

2 d 

12 

PhSOiCI Ll.i 

1.1 

II 1 F 

-78 
to 120 

0.5 

77 

5a c) 

1.1 

I’liSt ),(('! 1 \)( 11 Li 

1.1 

Fill 

-78 
to +20 

0.5- 18 

86 

5b c ’ 


n * CuBr - Me 2 S as copper source. — w 81% trims and 16% as. — c> See ref."’ 1 . - '" Starting material was recovered unchanged. 


In Table 1 are listed representative results of our inves¬ 
tigations on the introduction of a carbon substituent via 
organocuprate addition to the vinyl sulfone 3 7 '. Three con¬ 
ditions for achieving optimum results are noteworthy: (i) the 
reaction temperature has to be in the range from — 20 C to 
O ’C, (ii) five equivalents of organocuprate reagent must be 
used (entries 8,9) and (iii) oilier copper sources than 
CuBr —Me 2 S (cf. Cul, CuCN) give poor yields of the addi¬ 
tion product. 


t able 2. 'II-NMR J l f , coupling constants 


Compound 

No 

/ i,) 

•' 1 fi-miti 

2 a 

1.0 

2 b (traits) 

LI 

2 b (c/.s) 

1.0 

2 c 

l.l 

2 d 

1.0 

5a 

1.0 

5 b 

1.5 


al For coupling values see ref. IW . 


We have been surprised to find that also a-sulfonyl car- 
banions (entries 12,13) add in high yields and exclusively 
with syn stereoselectivity lh| (Path B). This is an efficient al¬ 
ternative approach to 4a,b after reductive desulfonylation 
of 5a,b with 6% sodium amalgam”. Treatment of2a-e in 
the same way (buffered methanol, 10-fold excess of sodium 
amalgam) provides 4a—e in excellent yields. Reduction of 
4a, b with lithium tetrahydridoaluminate furnishes 6a, b 
which, on catalytic hydrogenation with palladium on carbon 
in methanol, are converted into 7a,b as oils. These oils are 
sensitive to light and oxygen. Starting from 1, 7a and 7b 
can be prepared in 8 steps via path A in an overall yield of 
82% and 76%, respectively. Path B provides 7a,b in the 
lower yields of 60% and 65%, respectively. 


Scheme 2 



8 




10a: R = Me 
10b: R = Et 


1 la: R = Me 
1 1b: R = Et. 

(t) - Ibogamine 


Treatment of 7 a and 7 b with 3-indolylacetic acid (8) and 
l-ethyl-3-(3-dimethylaminopropyl)earbodiimide hydro¬ 
chloride l0W in dichloromethane al — 20 n C affords crystal¬ 
line 9a, b. In contrast, Hanaoka el al. 4 * 1 have found 9b as a 

colorless oil. Cyclization of 9a,b with 2 equivalents of an¬ 
hydrous p-toluenesulfonic acid 4d4<: ’ alTords 10a,b. Reduc¬ 
tion of 10a,b with LiAlfVAICI," 4e> proceeds cleanly in 
THF to provide ( + )-noribogamine (11a) and ( + )-iboga- 
mine (11 b) in 22% and 14% overall yield from 1 in 11 steps. 

Analytical data, especially '’C-NMR data of lib are in 
complete accordance with literature values"'. 

The authors thank Mrs. Anita Betz for technical assistance and 
for the preparation of the starting materials, and the Bayerischi 
Apotliekersti/iung for MPLC equipment. 


Experimental 

IR: Perk in-Elmer 681. — ’II-NMR (TMS as internal standard); 
Bruker AC 200 (200 MHz), Jcol GX 400 (400 MHz). - "C-NMR: 
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Bruker AC 200 (200 MHz). - MS: Varian CH 7 (70 cV), high- 
resolution MS: Vacuum Generators 70/70 (70 eV). — Melting 
points (unconocted values): Biiclii 510. - TU’: Merck silica gel 60 
GFjm, 0 .25 mm, UV detection or/and iodine vapor. — Column 
duomatography: Merck silica gel 60 (0.063 — 0.2 mm) or neutral 
Al;0) 90. — Purification of solvents and chemicals see ref. 12 ’. All 
organometallic reactions were conducted under purified, dried and 
o»>gen-free (R3-11 catalyst, BASF) nitrogen. 

Preparation of the Storting Materials: l-Bcnzyl-5-bcnzyloxy-2- 
(lMppyridonc (I) was prepared as reported previously 8 ’ from 5- 
Hydroxy-2(lH)-pyridone 1,1 (8.88 g, 80 mmol); yield 17.3 g (74%) of 
I. Freshly prepared 5-hydroxy-2(l7/)-pyridone should be used and 
the reaction should be conducted under nitrogen. — (E)-1,2-Bis- 
(phcnylsulfonyl)ethene was prepared in the same manner as re¬ 
ported previously 14 '. — (± )-2-Bcnzyl-7,7-dimclhoxy-5-(phenylsuT 
fcnyl)-2-azabicyclo[2.2.2]oct-5-cn-3-one (3) and (±)-(5-«/i/i,6-sjni)- 
2-benzyl-7,7-dimethoxy-5-(phenylsulfonyl)-6-[l-(phcnylsulfonyl)- 
clhyl] 2-azabicyclo[2.2.2]octan-3-one (5b) were prepared as de- 
icribcd in ref. Ib ’. 

I i )■(5-anti.6-syn)-2-Benzyl-7,7-diimnhoxy-6-methyl-5-(phenyl- 
mtfunyl)-2-uzabicycto[2.2.2Joctan-J-one (2a): Copper(l) bromi¬ 
de-dimethyl sulfide complex (2.57 g, 12.50 mmol) was suspended 
ia dry ether (100 ml) and methyllilhium (15.5 ml, 25.0 mmol, 1.6 m 
» ether) was added at — 20 C with stirring. To this solution 3' b| 
(1034 g, 2.50 mmol) was added, and the yellow suspension was 
nined at -20"C for 2 h. After the addition of satd. ammonium 
diloride solution the mixture was extracted with dichloromelhanc 
(4*3- The combined organic extracts were washed with water, dried 
(NaiSOj), and the solvent was evaporated to give a colorless oil 
•hich solidified upon trituration with ether; yield 1.05 g (98%) col¬ 
orless crystals, m.p. 204 — 205 C. — IR (KBr): v = 1662 cm 1 
|C=0), 1451, 1305, 1150, 1131, 1045. - 'll NMR (200 MHz, 

CDCIj): 8 = 0.48 (d, J = 6.8 llz, 3H, Cllj), l.75(dd,7 w = 3.8 Hz, 

J UM = 15.8 Hz, 1 H, 8 11 s ), 2.83 (m, 411, 4-, 5-, 6-fl, 8-11 J, 3.08 (s, 
JH.OCHj), 3.27 (s, 3 H, OCH 3 ), 3.39 (d, J = 1.0 Hz, 1-H), 3.92 (d, 
/„= 14.3 Hz, 1H, NCH), 5.02 (d, 7 AB = 14.3 Hz, 1 H, NCH), 
724-7.68 (m, 10H, H aron ,). - l3 C NMR (CDCIj): 5 = 19.1 (CH 3 ), 
34/29.0 (C-6, -8). 40.0 (C-4), 48.2 (NCH 2 ), 49.4 (OCHj), 49.7 
(OCIIj), 62.5 (C-5), 66.1 (C-1), 103.3 (C-7), 127.9, 128.4, 129.5, 134.1, 

; 123.3 (C lroro ), 170.7 (C-3). 

C 23 H 27 N0 5 S (429.5) 

Calcd. C 64.32 H 6.34 N 3.26 
Found C 64.67 H 6.63 N 3.30 

(± )■( 5-anti,6-syn )-2-Benzyl-6-ethyl-7.7-dimethoxy-5-( pltenyl- 
alfonyl)-2-azahicyclo/2.2.2/octan-3-one (2b) anti Its (±)-(5-syn,6- 

l)H i-DiaslL’n’Oiner: Prepared in the same manner as described 
»bove, but with ethyllithium instead of methyllilhium. The colorless 
powder was dissolved in hoi ethanol and filtered. After cooling 

colorless needles of 2b separated. Flash chromatography of the 
■other liquor (CHCI 3 /ethyl acetate, 9 + 1) provided another crop 
ot 2b and its synjsyn diastereomer. 

Ik Yield 0.90 g (81%), m.p. 186 C (EtOH). - 1R (KBr): v = 
1656cm '(C = 0), 1148, 1125, 1082, 1055. - 'H NMR(200 MHz, 
CDCIj): 8 = 0.36 (t, J = 7.2 Hz, 3 H, CH 2 C// 3 ), 0.61 (m, 1 H, C H r 
CHj), 1.12 (in, Ih,CHiCHj), 1.82(ddd,7 5i8c = 1.7 Hz,.A,.* = 3.7 Hz, 
Ku = 14.8 Hz, 1 H,8-H s ), 2.56 (m, 1 H, 6-H), 2.79 (m, 311, 4-, 5-H, 
HI,). 3.14 (s, 3 H, OCH 3 ), 3.25 (s, 311, OCH 3 ), 3.60 (d, J l t = 1.1 Hz, 
111, I II), 3.85 (d, 7 AU = 14.2 Hz, 1H, NCH), 5.12 (d, J AB = 
142 Hz, III, NCH), 7.25-7.88 (m, I0H, H „„„„). - ”C NMR 
(CDCIj). S — tl.O (CHjCHj), 25.9 (CH 2 CH 3 ), 28.9 (C-8), 35.9 (C-6), 
462(C-4), 48.2 (OCH,), 49.2 (OCH,), 49.7 (NCH 2 ), 57.8 (C-5), 65.4 


(C-1), 103.5 (C-), 128.0, 128.4, 128.6, 129.5, 129.7, 134.1, 136.6, 138.5 
(C..), 171.0 (C-3). 

< ’ i.,l I ,.,NO v S (443.6) 

Calcd. C 64.99 H 6.59 N 3.16 
Found C 64.80 H 6.46 N 3.27 

5- syn,6-syn Diastereomer: Yield 0.18 g (16%) colorless cubes, m.p. 

185 C (EtOH) - IR (KBr): v = 1678 cm 1 (C = 0), 1455, 1445, 
1325, 1310, 1158, 1132. - 'll NMR (200 MHz, CDCI,): 6 = 0.39 
(t, J = 7.2 Hz, 311, CII 2 C// 3 ), 1.33 (m, 1 H, Cf/ 2 H 3 ), 1.50 (dd, J tXl , = 
2.5 Hz,7 Ws = 14.2 Hz, I H, 8-HJ, 2.01 (dd, 7„ s = 3.8 Hz, 7 8;i8s = 
14.2 Hz, 1 H, 8-11 J, 2.33 (m, C// 2 CI1 3 , 1 H), 2.48 (m, 211, 4-, 6-H), 
3.07 (s, 3H, OCHj), 3.12 (s, 3H, OCH 3 ), 3.45 (dd, 7 45 = 1.7 Hz, 
J it> = 104 Hz, 1 H, 5-H), 3.61 (d, = 1.0 Hz, 1 H, 1-H), 3.99 (d, 

7 ai , = 14.3 Hz, 1H, NCH), 5.22 (d, 7 AB = 14.3 Hz, 1 H, NCH), 
7.29-8.05 (m, 1011, 11.,,,,,,,). - "C NMR (CDCI,): 6= 11.7 
(CH,CH 3 ), 18.8. (CH,CH 3 ), 35.4 (C-8), 38.5 (C-6), 40.8 (C-4), 48.1 
(NCH 2 ), 48.9 (OCH 3 ), 49.8 (OCH 3 ), 57.4 (C-5), 64.5 (C-1), 103.5 (C- 
7), 127.7, 128.4, 129.2, 129.3, 129.9, 133.7, 136.5, 138.9 (C„ om .), 170.1 
(C-3). 

C M H,,N0 5 S (443.6) 

Calcd. C 64.99 H 6.59 N 3.16 
Found C 64.74 II 6.40 N 3.00 

( ± )-( 5-anti,6-syn)-2-Benzyl-7,7-dimellioxy-5-(phenylsulfonyl)- 

6- viuyl-2-azabicycl<>l2.2.2Joctan-S-one (2c): Prepared in the same 
manner as described above with eopper(l) bromide —dimethyl sul¬ 
fide complex (0.514 g, 2.5 mmol) in dry ether (30 ml) and vinyl- 
niagnesiuin bromide solution (5.0 nil, 5 mmol, I m in FI IF). To this 
green-blaek solution 3 (0.2 g, 0.5 mmol) was added. After workup 
as above the residue was recrystallized from ethanol; yield 0 17 g 
(77%) light yellow needles, m.p. 185 —186 C (EtOH). — IR (KBr): 
v = 1660 cm ' (C = 0>, 1450, 1305, 1295, 1120, 1132. - 'll NMR 
(200 MHz, CDCIj): 5 = 1.81 (ddd, V 5 , #s = 1.5 Hz, J m = 3.2 Hz, 

•A..*, = 14.4 Hz, I H, 8-HJ, 2.86 (dd, = 2.0 Hz, A,,*, = 

14.4 llz, 1 II, 8-14,), 3.00 (s, 311, OCll 3 ), 3.12 (m, 211, 4-, 6-11), 3.28 
(m, 1H, 5-H), 3.49 (d, = 1.1 Hz, 1 H, 1-H), 4.03 (d, 7 AB = 

14.4 Hz, 1 H, NCH), 4.52-4.85 (m, 3H, CH=C//,), 4.87 (d, 7 AB = 

14.4 Hz, 1 H, NCH), 7.25-7.85 (m, 10H, H uro ,„). - °C NMR 
(CDCIj): 8 = 29.0 (C-8), 38.9 (C-6), 39.9 (C-4), 48.1 (OCHj), 49.9 
(NCH,), 62.6 (C-5), 63.8 (C-1), 102.9 (C-7), 117.2 (CH = CH 2 ), 127.8, 
128.5, 129.4, 129.5, 134.0, 136.3, 138.6 (C„ om ), 136.5 (CH = CH 2 ), 
170.8 (C-3). 

C 24 H 27 NO s S (441.5) 

Calcd. C 65.29 H 6.16 N 3.17 
Gef. C 65.38 H 6.06 N 3.25 

( i )-(S-anl i.6-syn )-2-lienzyl-6-lmlyl-7,7-ilimelhoxy-.'>-(phenyl- 
sulfonyl)-2-azubicyclol2.2.2Joclan-3-one (2d): Prepared in the same 
manner as described for 2 a copper(l) bromide-dimethyl sulfide 
complex (1.028 g, 5 mmol) in dry ether (60 ml) and butyllithium 
(6.3 ml, 10 mmol, 1.6 m in n-hexane). To this solution 3 (0.41 g, 1.0 
mmol) was added. After workup the green oil was chromatographed 
on neutral Al,Oj with CllClj/n-hexane (9 + 1). The oily residue 
was triturated with ether; yield = 0.42 g (92%) colorless crystals, 
m.p. 175°C. - IR (KBr): v = 2950 cm-', 1663 (C = 0), 1450,1295, 
1150, 1128. - 'H NMR (200 MHz, CDCIj): 8 = 0.55-0.95 (m, 
911, C 4 H, ; ), 1.83 (dd, - 1.2 llz, J Salis = 14.9 llz, 111, 8-li s ), 2.61 
(m, I H, 6-H), 2.74-2.84 (in, 311, 4-, 5-H, 8-HJ, 3.16 (s, 311, OCHj), 
3.25 (s, 3H, OCH,), 3.58 (d, 7, 6 = 1.0 Hz, 1 H, 1-H), 3.77 (d, 7 AB = 
14.2 Hz., 1 H, NCH), 5.18 (d,./ AB = 14.2 Hz, I H, NCH), 7.23-7.88 
(in, toil, tl arilll ,). - "C NMR (CDCIj). 8 = 13.7, 22.2, 28.9, 29.1 
(C 4 H„), 32.8 (C-8), 34.3 (C-6), 40.1 (C-4), 48.2 (OCHj), 49.2 (OCH,), 
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49.6 (NCH,), 58.3 (C-5), 65.4 (C-l), 103.5 (C-7), 127.9, 128.4, 128.6, 
129.4. 129.6, 134.0, 136.7, 138.5 (C m „„), 171.0 (C 3). 

C 26 H„N0 5 S (471.6) 

Calcd. C 66.22 H 7.05 N 2.97 
Found C 66.20 H 6.97 N 2.84 

( ± )-(6-syn)-2-Benzyl-7.7-dimethnxy-6-methyl-2-azahicyclo- 
[2.2.2]i>ctan-3-<me (4a): Compound 2a (1.0 g, 2.3 mmol) was dis¬ 
solved in warm methanol (80 ml), and sodium dihydrogen phos¬ 
phate (2.0 g) was added. To the stirred suspension was added so¬ 
dium amalgam (6.0 g, 9.4 mmol Na) in six portions. The mixture 
was stirred until all starting material was consumed [TLC, CIICI,/ 
MeOIl (9 I I); 24 — 36 h]. Separation of the mercury and evapo¬ 
ration of the solvent provided an oily residue which was dissolved 
in dichloromcthane and washed with said, ammonium chloride 
solution and water. The organic phase was dried (Na 2 S0 4 ) and the 
solvent evaporated. The remaining oil was triturated with petro¬ 
leum ether to give colorless crystals; yield 0.56 g (97%), m.p. 93 C. — 
III (KUr): v = 2958cm ', 1650 (C = ()). 1462, 1450. 1122, 1040. - 
'll NMR (200 MHz, CDCI,): 6 = 0.49 (d, ./ = 7.0 Hz, 3 H, CH,), 

1.15 (dd, = 5.3 flz, y A „ = 13.1 Hz, III. 5-11), 1.63 (dd, = 

2.4 Hz, ,/ AB = 13.7 Hz, I H. 8-H,,). 1.86 (d, ,/ All = 13.1 Hz, til. 
5-H), 2.00 (d, An = 13.7 Hz. I H, 8-H s ), 2.16 (m, I II, 6-H). 2.61 (m, 

1 H, 4-11), 3.04 (s, 311, OCH,), 3.15 (s, 3H, OCH,), 3.30 (d, J,,„ = 

1.5 Hz, t I I, I-IT), 4.09 (d, ,/ AB = 14.4 Hz, I H, NCH), 4.95 (d, ,/ A „ = 

14.4Hz, III, NCH), 7.29-7.34 (m, 511, II, . .). - "C NMR 

(CDCI,): 8 = 19.5 (CII,), 26.6 (C-5), 31.7 (C-8), 34.9 (C-6), 39.0 
(C-4), 47.9 (OCH,), 49.1 (OCH,), 50.2 (NCH,), 62.5 (C-l), 104.2 
(C-7), 127.4, 128.3, 129.5, 137.5 (C ar( „„), 174.3 (C-3). - MS (70 C V): 
m/z (%) = 289 (12) |M '], 242 (7) [M ' - OCH, - CIN], 199 (47) 
[M ' - Bzl], 173 (24), 158 (19), 91 (100). 

C l7 H,,NO, (289.4) 

Calcd. C 70.56 11 8.01 N 4.84 
Found C 70.78 II 8.16 N 4.88 

(+ )-(6-syn)-2-Benzyl-6-ethyl-7,7-dimetlwxy-2-azahic)>clo- 

[ 2.2.2 Joctan-3-one (4b): Prepared in the same manner as described 
for 4a from 2b (1.0 g, 2.25 mmol); yield 0.62 g (91%), m.p. 146'C. 

- Starling from 5b IM (1.0 g, 1.7 mmol) the yield was 0.51 g (98%). 

- IR (KBr): v = 2958 cm ', 2930, 1650 (C = 0), 1462, 1450, 1445, 

1128. - Ml NMR (200 MHz, CDCI,): 6 = 0.50(1,7 = 7.2 Hz, 311, 
Cl I. CII,). 0.80 (in, 2 11, <7/, Cl I,), 2.21 (m, I 11,5-11), 1.6.3 (dd. 

2.4 11/, ,/ A » 13.7 Hz, 111,8-11,), 1.87 (in, 211, 5-11, 6-11), 2 04 (d, 

,/ All = 13.7 Hz, I (I, 8-IIJ, 2.61 (m, I II, 4-11), 3.06 (s, 311, OCH,), 

3.15 (s, 3 H, OCH,), 3.42 (s, 1 H, 1-H), 4.03 (d, An = 14.3 Hz, I H, 
NCH), 5.01 (d, A u = 14.3 Hz, 1 H, NCH), 7.23-7.35 (m, 5H, 
f!„„,„). - n C NMR (CDCI,): 8 = 11.2 (CINCH,), 26.7 (CINCII,), 
30.52 (C-5), 34.1 (C-8), 35.0 (C-6), 39.0 (C-4), 47.9 (OCH,), 48.9 

(OCH,), 50.0 (NCH 2 ), 59.7 (C-l), 104.3 (C-7), 127.5, 128.3, 129.6, 

137.4 (C„ r „„,.), 174.6 (C-3). - MS (70 eV): m/z (%) = 303 (13) (M 1 ]. 
272 (6) [M * - OCH, - CH,], 213 (59) (M + - Bzl), 187(18), 158 
(29), 91 (100). 

C„H 25 NO., (303.4) 

Calcd. C 71.26 II 8.31 N 4.62 
Found C 71.47 H 8.51 N 4.64 

( ± )-(B-xyn )-2-Bni:\l-7,7-dimethoxy-6-vinyl-2-azabicyclo- 
[ 2.2.2 Jocian-3-one (4c): Prepared in (lie same manner as described 
for 4a from 2c (0.18 g, 0.41 mmol); yield 0.1 I g (89%), m.p. 
63-65 C. - IR (KBr): v = 2930 cm ', 2840, 1655 (C = 0), 1465, 
1455, 1423, 1132. - 'H NMR (200 MHz, CDCI,): 8 = 1.53 (m, 1 H, 
5-H), 1.70 (dd, = 2.5 Hz, ,/ A „ = 13.8 Hz, 1 H, 8-H), 1.89 (m, 
1 H, 5-H), 2.01 (m, An = 13.8 Hz, I H, 8-H), 2.70 (m, 2H, 4-, 6-H), 
2.98 (s, 3 H, OCH,), 3.17 (s, 3H, OCH,), 3.41 (d, J,_ 6 = 1.6 Hz, 1 H, 


l-H), 4.19 (d, An = 14.5 Hz, 1 H, NCH), 4.81 (d, An = 14.5 Hr, 

I II, NCH), 4.69 (m, III, II,,,,,), 4.93 (in, I H, H okr ), 5.16 (m, 1H, 

I l„ kr ), 7.24 — 7.31 (ill, 5 H, I - "C NMR (CDCI,): 8 = 29.4 

(C-5), 35.1 (C-8), 37.1 (C-6), 39.0 (C-4), 47.9 (OCH,), 49.1 (OCH,) 
50.2 (NCH,), 62.17 (C-1), 103.7 (C-7). 114.8 (CH = CH 2 ), 127.4,128J( 
129.5, 137.3 (C.,), 139.9 (C’H=CH 2 ), 174.4 (C-3). 

CAIN,NO, (.301.4) 

Calcd. C 71.74 H 7.69 N 4.65 
Found C 71 75 H 7.66 N 4.55 

( + )-(6-syn )-2-Benzyl-7.7-<limethoxy-6-melhyl-2-azabicyclo■ 
[2.2.2lot time (6a): Compound 4a (1.0 g, 3.5 nnnol) was dissolved 
in THF (60 ml), cooled to 0 C. After addition of LiAIH., (0.19 g,) 
mmol) the mixture was stirred for ca. 12 It. The mixture was hy¬ 
drolyzed with 2 n NaOll and extracted with dicliloronietliane 
(5 x ). The combined organic phases were washed with water, dried 
(Na 2 S0 4 ), and the solvent was evaporated. The remaining colorless 
oil solidified at — 20"C to a waxy solid; yield 0.92 g (98%), m.p. 
43 C. - IR (KBr): v = 2940 cm ', 2865, 1452, 1365, 1155, 1122 
1042. - 'll NMR (200 MHz, CDCI,): 8 = 0.96 (in, I H, 6-H), 1.12 
(d, .1 = 6.8 Hz, 311, CH.,), 1.53-2.05 (m, 4II), 2.26 (m, I H), 2.51 
(s, 1 II, l-H), 2.80 (m, I H. 3-H), 3.17 (s, 311, OCH,), 3.20 (m, I H, 
3-11), 3.25 (s, 311, OCH,), 3.78 (d, An = 13.8 Hz, 1II, NCH), 3.91 
(d. An = 13.8 Hz, 11I, NCH), 7.17-7.40 (m, 5H, H arom ). - "C 
NMR (CDCI,): 8 = 20.0 (CII,), 28.2, 28.8, 33.2 (C-8), 36.9 (C-4) 

47.6 (OCH,), 47.9 (OCH,), 54.5 (NCH,), 60.5 (C-3), 62.5 (C-l), I(M.5 
(C-7), 126.4, 127.9, 128.5, 141.2 (C,,„„„). - MS (70 eV): m/z (%) = 
275 (12) (M H ], 260 (46) (M + - CH,], 244 (9) [M ' - OCH,], 200 
(9), 169 (13), 91 (100). 

C„H,,NOj (275.4) 

Calcd. C 74.14 H 9.15 N 5.09 

Found C 73.99 II 9.14 N 5.04 


( + )-(6-syn )-2-Bt'nzyl-6-ethyl-7.7-dimethoxy-2-azabicyci<b 
[2.2.2[octane (6b): Prepared in the same manner as described for 
6a from 4b (1.0 g, 3.3 nnnol); yield 0.92 g (96%), m.p. 25 —28"C 

- IR (KBr): v = 2940 cm ', 2860 , 1452 , 1362 , 1145 , 1105 , 1042 

- 'H NMR (200 MHz, CDCI,): 8 - 0.83 (t, J = 7.3 Hz, 3H, 


CH,C//,),0.99 (iii. 1 ll,C// 2 CH0,1.31 (m, 1H, CW 2 CH 3 ), 1.50-1.85 


(m, 5 H), 2.26 <m, t H), 2.64 (s. 1 H, l -H), 2.81 (ddd, J = 2.3 Hz, 

3.6 Hz, 8.7 Hz), 3.15 (s, 3 li. OCH,), 3.20 (m, I If). 3.25 (s, 3 H, OCH,) 
3.76 (d. An 13.6 II/, I II, NCH), 3.90 (d, An = 13.6 llz, HI, 
NCI I), 7.19 — 7.37 (in. 511, I l ilr< „„). - "C NMR (CDCI,): 8 = 11.6 
(CINCH,), 27.2 (CINCH,), 28.1, 31.8, 36.3 (C-8), 31.7 (C-4), 47.5 
(OCH,), 47.9 (OCH,), 54.6 (NCH 2 ), 57.7 (C-3), 62.4 (C-l), 104.5 
(C-7), 126.4, 127.9, 128.5, 141.2 (C„ r „,„). - MS (70 eV): m/z (%) = 
289 (II) [M 0. 274 (37) [M * - CH,], 258 (8) [M * - OCH,], 200 


(33), 91 (100). 


CnH 2 ,N0 2 (289.4) 

Calcd. C 74.7 II 9.40 N 4.84 
Found C 74.38 II 9.58 N 4.70 


( + )-(6-.syn )-7.7-Dimethaxy-6-metltyi-2-azabicyclof 2.2.2 j octant 
(7a): A solution of 6a (1.0 g, 3.6 mmol) in methanol (50 ml) was 
hydrogenated over 10% Pd/C (0.15 g) at 2 bar for 5 h. After nitra¬ 
tion and evaporation of the solvent the oily residue was distilled in 
a Hiiclii kugclrohr at 60 C/10 1 mbar; yield 0.65 g (97%). - IR 
(film): v = 3370 cm ' (Nil), 2930, 2860, 1450, 1432, 1128, 1045. - 
Ml NMR (200 Mflz, CDCI,): 5 = 1.03 (m, I H, 6-H), 1.12 (d, J = 
7.0 Hz, 3H.CH,), 1.61-1.81 (m,4H, 5-, 8-H), 1.95 (hr. s, 1 H, NH) 
2.08 (m, I II, 4-II), 2.58 (d, = t.9 Hz, I It, 1-H), 2.80 (s, 2H, 3- 

H), 3.18 (s, 3H, OCH,), 3.22 (s, 311, OCH,). - IJ C NMR (CDCI,): 
8 = 20.1 (CII,), 26.5, 27.5, 33.4 (C-8), 36.8 (C-4), 46.4 (C-3), 48.1 
(OCH,), 48.2 (OCH,), 53.5 (C-l). 102.5 (C-7). - MS (70 eV): m/r 
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|3i|= 185 (34) [M'],'70(73) [M 1 - CHJ, I54(30)[M 1 -OCHj], 
138(741,95 (100). 

C lu lI,.,NO, (185.3) 

Caled. C 64.83 II 10.34 N 7.56 
Found C 64.55 H 10.08 N 7.63 

(i )-(6-syn)-6-Ethyl-7,7-diinetliuxy-2-azabicyclo[ 2.2.2/octane 
(Ik) Prepared in the same manner as described for 7a; yield 0.65 g 
(94%) of a colorless oil. - IK (film): v = 3370 cm 1 (NH), 2955, 
29)5, 1455, 1128, 1050. - 'H NMR (200 MHz, CDCIj): S = 0.92 
(t, 7 = 7.3 Hz, 3H, CH,C(/j), 1.06 (m, 1 H, CW 2 CH 3 ), 1.43-1.81 
fr,7H,Cf/ 2 CH 3 , 4-, 5-, 6-, 8-H), 2.09 (br. s, I H, NH), 2.72 (d, J yb = 
U Hz, 1 H, 1-H), 2.79 (d, J = 1.9 Hz, 2H, 3-H), 3.18 (s, 3 H, OCH,), 
122(s, 3H, OCHj). - l3 C NMR (CDCIj): 8 = 11.9(ClHCH,), 27.3, 
27.5, 31.9, 33.9, 37.1 (C-4), 46.4 (C-3), 48.0 (OCH,), 48.2 (OCH.,), 
51.4 (C-l), 102.4 (C-7). - MS (70 eV): m/z (%) = 199 (36) [M 1 ], 
114(88) [M 1 - Cll.,1, 168 (31) |M 1 OCIIJ, 152 (72) |M 1 
OCH, - CHJ, 109 (100). 

C,,H 2 ,NO, (199.3) 

Caled. C 66.30 H 10.62 N 7.02 
Found C 66.18 H 10.73 N 7.14 

(i )-(6-syn)-2-[2-(3-Indolyl)-t-oxoethyl/-7,7-dimetlwxy-6- 
mthyl-2-azabicyclof2.2.2/octane (9a); Compounds 7a (0.47 g, 2.5 
•mol) and 8 (0.66 g, 3.75 mmol) were dissolved under nitrogen in 
dnhloromethane and cooled to -20"C. After the addition of I- 
ahyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1.4 g, 
75 mmol) the mixture was stirred at -20'C for 1 It. Then diluted 
hydrochloric acid was added, and the separated organic phase was 
iished with NaHCO, solution and water. After drying (Na 2 SOJ 
tod evaporation of the solvent, the oily residue was dissolved in 
CHClj/ethyl acetate (9+1) and chromatographed over neutral 
Aluminium oxide. After evaporationof the solvent the remaining oil 
•as crystallized will, diisopropyl ether; yield 0.55 g (64%) of a col 
•less powder, m.p. I08C. — IR(KBr):v = 3220 cm ' (NH), 2960, 

1635 (C=0), 1435, 1131, 1040. - 'H NMR (200 MHz, CDC1J: 

I = 083 (m, 1 H, 6-H), 0.95 (d, J = 7.0 Hz, 3H, CM,), 1.55-1.99 
>0,411, 5-, 8-H), 2.23 (m, I H, 4-H), 3.17 (s, 3H, OCH 3 ), 3.21 (s, 3 H, 
OCHj), 3.40 (s, 2H, 3-H), 3.77 (d, ./ = 1 Hz, 2H, CH,CON), 4.53 
= 1.6 Hz, 1 H, 1-H), 7.05 — 7.61 (m, 511, H aI „ m ), 8.51 (s, I H, 
Nil). - "C NMR (CDCIj): 8 = 20.0 (CH,), 27.0, 27.8, 30.8, 33.1, 

I J6.5, 48.0 (OCHj), 48.9 (OCHj), 49.2 (C-3), 51.0 (C-1), 102.1 (C-7), 
1088, 111.2, 118.5, 119.2, 121.8, 122.8, 127.4, 136.2 (C.„,„„), 171.7 
i (C=0). - MS (70 eV): m/z (%) = 342 (15) [M ' ], 310 (20) [M ' - 
OCHj], 170(42), 130 (100%). 

C 20 H 2( ,N 2 O 3 (342.4) 

Caled. C 70.15 II 7.65 N 8.18 
Found C 70.45 II 7.83 N 8.15 

I ± )-(6-syn)-6-Ethyl-2-{2-(3-iiulolyl)-l-oxoethyl/-7,7-dime- 
toxy-2-azabkyclof 2.2.2/octane (9b): Prepared in the same manner 
• described for 9a from 7b (1.01 g, 5.0 mmol) and 8 (1.3 g, 7.5 
I ■mol) with l-ethyl-3-(3-dimethyluminopropyl)carbodiimide hydro- 
! chloride (2.8 g, 15.0 mmol); yield 1.6 g (90%) crude material (TLC), 
j 185 g (48%) pure product, m.p. 119 "C (diisopropyl ether) (ref'T 
colorless oil). - IR(KBr):v = 3215 cm 1 (NH), 2930, 1625 (C = 0), 
j (430,1268, 1042. - 'H NMR (200 MHz, CDC1 3 ): 5 = 0.92 (t, J = 

I 70Hz, 311, CH 2 C//j), 1.25 (m, 211, C//>CH,), 1.57-2.01 (nr, 611, 
I 4-, 5-, 6-, 8-H), 3.16 (s, 311, OC’l l 3 ), 3.21 (s, 311, OCI I,), 3.39 (s, 211, 
OICON), 3.76 (s, 2H, 3-H), 4.65 (d, J l t = 1.4 Hz, 1-H), 7.06-7.60 
|n, 511, H a(0m ), 8.45 (s, 1 H, NH). - l! C NMR (CDC1 3 ): 5 = 11.6 
iCHTHj), 27.6, 27.7, 30.7, 31.7, 34.5, 36.8, 48.0, 48.8, 49.1, 49.3, 
M21, 109.0, 111.1, 118.6, 119.3, 122.8, 123.2, 127.4, 136.2, 171.5 
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(C = 0). - MS (70 eV); in/z (%) = 356 (65) [M 1 ], 324 (It) [M ' - 
OCHj], 184 (21), 130(100). 

O.mM.xN.O, (356 4) 

Caled. C 70.76 11 7.92 N 7.86 
Found C 70.41 11 7.92 N 7.57 

( ± )-2l-Nor-7-oxo-18-(tosyloxy)iboijamine (10a): To a solution 
of anhydrous p-toluenesulfonic acid (0.304 g, 1.76 mmol) in benzene 
(60 ml) 9a (0.30 g, 0.88 mmol) was added. The solvent was slowly 
distilled off (30 min) and the residue dissolved in dichloromethane. 
The organic phase was washed with sodium hydrogen carbonate 
solution and water, dried (Na 2 S0 4 ) and the solvent evaported. The 
residue was crystallized from ethcr/methanol; yield 0.32 g (81%) 
colorless crystals, m.p. 175— 177 C. — IR (K Br); v = 3175 cm 1 
(NH), 2940, 1615 (C = 0), 1315, 1288, 1272. - 'll NMR (200 Mllz, 
CDCIj): 8 = 1.21 (d, J = 8.2 Hz, 311, Cl!,), 1.62 (m, I II), 1.84 (m, 
III), 2.10 (s, 311, toluene CH,), 2.18 (in, 111), 2.37-2.66 (m, 311), 
3.27 (d, ,/ A1> = 19.7 II/., I II), 3.48 (in, 211), 3.60 (d, ,/ All = 19.7 II/, 
I H), 4.04 (s, 1 H), 6.60-7.73 (nr, 8H, H arolll ), 8.12 (s, 1 H, NH). - 
”C NMR (CDCIj); 8 = 21.4 (q, toluene Cl IA 22.8 (q, C-20), 29.9 
(t, C-l), 31.7 (d), 31.8 (d), 32.5 (t), 34.8 (t), 50.8 (t, C-19), 63.6 (s, C- 
18), 86.9 (d, C-5), 106.0 (s, C-9), 111.3 (d), 113.2 (d), 119.9 (d), 122.5 
(d), 125.3 (s), 127.1 (d), 129.1 (d), 131.3 (s), 132.3 (s, C al< „„ ), 136.5 (s), 
144.8 (s, C-17), 169.9 (s, C-7). - MS (70 eV): m/z (%) = 278 (64) 
[M 1 - losyloxy], 223 (52), 172 (59), 91 (100) 

C\ 5 H 2t ,N,0 4 S (450.6) 

Caled. C 66.65 H 5.82 N 6.22 
Found C 66.37 H 5.86 N 6.32 

( ± )-7-C)xo-1H-(losyloxy)ibogamine (10b): Prepared in the same 
manner as described for 10a with 0.145 g (0.84 mmol) p-loluene- 
sulfonie acid and 9b (0.15 g, 0.42 mmol) in benzene (30 ml); yield 
0.15 g (77%) colorless crystals, m.p. 1 48 — 150‘ C (ref. 4J) : amorphous, 


rcf. 4c ’: 140- 145 C). - IR (KBr): v = 3270 < 


(NH), 2955, 1618 


(C — O), 1408, 1352, 1170. - 'H NMR (200 MHz, CDCIj): 5 = 1.0 
(t, J = 7.3 Hz, 3H), 1.41-1.95 (m, 5H), 2.11 (s, 3H, toluene CHj), 
2.26 (m, I H), 2.46 (nr, 1 H), 2.61 (m, 1 H), 3.28 (d, ,/ AU = 19.6 Hz, 
1 H), 3.49 (m, 2 H), 3.59 (d, J AU = 19.6 Hz, III), 4 14 (s, 111), 
6.16 — 7.31 (m, 8H, It arl „ 0 ), 8.26 (s, 1 H, NH) [correspond with data 

described in ref. 4c ’]. - l3 C NMR (CDCIj): 6 = 13.1,21.4, 29.0,29.7, 
29.9,31.8,35.4, 39.0, 50.7,63.4,85.8, 106.0, 111.4, 114.7, 118.2, 119.9, 
122.5, 125.4, 127.2, 129.1, 131.5, 132.5, 136.6, 144.7, 168.9. - MS 
(70 eV): m/z (%) = 292 (56) [M * - Tosyloxy], 263 (22), 223 (100), 

195 (50) (correspond with data in ref. Jcl ) 

C 2 6l-I 28 N 2 0 4 S (464.6) 

Caled. C 67.22 H 6.07 N 6.03 
Found C 67.52 II 6.12 N 6.17 

( J; )-2t-Norihojiuniine (I I a): To a solution of anhydrous alu¬ 
minium chloride (2.06 g, 15.5 mmol) in TIIF (40 ml) was added 
LiAlH 4 (0.58 g, 15.5 mmol), and the mixture was stirred for 10 
min 3<: '. To this mixture a solution of 10a (0.2 g, 0.44 mmol) in THF 
(10 ml) was added and stirring was continued for 3 h. After the 
addition of 2 N NaOII the mixture was extracted with dichloro- 
methane (4 x), the combined organic extracts were washed with 
water, dried (NajSOj, and the solvent was evaporated. The yellow 
oily residue was dissolved in CHClj/ethyl acetate (9+1) and "fil¬ 
trated” over neutral aluminium oxide. After evaporation of the 
solvent the remaining colorless oil was crystallized from u-hcxanc; 
yield 0.06 g(51%) colorless crystals, m.p. 155-156 C. — IR (K Hr): 
v = 3390cm ' (NH), 2910, 2850, 1460, 1360. - ‘H NMR (200 
MHz, CDCIj): 8 = 1.12 (d, J = 5.7 Hz, 3H, CH 3 ), 1.19 (m, 1 H), 
1.62 (m, 1 H), 1.83 (m, 3H), 2.02 (m, 1 H), 2.72 (m, 2H), 2.92-3.49 
<m, 6H), 7.04-7.49 (m, 411. H ar , lm ), 7.63 (s, 1 H, NH). - l3 C NMR 
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(CDCIj): 5 = 20.6 (q. C-20), 20.7 (t, C-8), 26.6 (d, C-2), 33.5 (I, C- 
3), 33.8 (I. C-1), 34.2 (d, C-4), 41.5 (d, C-18). 49.8 (l, C-7), 54.1 (t, C- 
19), 60.0 (d, C-5), 109.2 (s, C-9), 110.0 (d, C-14), 117.9 (d, C-ll), 119.0 
(d, C-12), 120.9 (d, C-13), 129.7 (s, C IO), 134.6 (s, C-15), 141.7 (s, C 
17). - MS (70 eV): m/z (%) = 266 (61) (M 1 ], 195 (31), 180 (5), 168 
(II), 156 (19), 135 (32), 122 (100). 

C,»HhN 2 (266.4) 

Calcd. C 81.16 H 8.32 N 10.52 
Found C 80.57 II 8.17 N 10.77 

( + )-Ibogamine (lib): Prepared in the same manner as described 
for 11 a with anhydrous aluminum chloride (2.33 g, 17.5 mmol) in 
IMF (50 ml), Li All I., (0.68 g, 17.5 mmol) and 101» (0.23 g, 0.5 mmol); 
yield 0.07 g (51%) colorless crystals, m.p. 129—132 C (ref. 1 * 11 : 
127-128 C) (ref. 4El : 130—132 C) - !R (KBr): v = 3395 cm 1 
(Nil), 2905, 2845, 1465, 1355. - 'll NMR (200 MHz, CDCI,): S = 
0.9 (I, ./ = 6.9 II/., 311, ( II,), 1.17 -2.11 (m, 811), 7.04-7.49 (m, 
411, Il„r,„n), 7.70 (s, 1, Nil) [correspond with data in ref. 4l> J. — "C 
NMR (CDCI,): 8 = 11.9 (C-21), 20.5 (C-8), 26.3 (C-2), 27.7 (C-20), 
31.9 (C-3), 34.0 (C-1), 41.1 (C-18), 41.8 (C-4), 49.9 (C-7), 54.2 (C-19), 
57.7 (C-5), 109.0 (C-9), 110.1 (C-14), 117.9 (C-l 1), 119.1 (C-12), 121.0 
(C-13), 129.6 (C-10), 134.6 (C-15), 141.5 (C-17) [correspond with data 
in ref ,0a> ]. - MS (70 eV): m/z (%) = 280 (69) [M b ], 265 (1 7) [M + - 
CM,], 251 (3), 195(36), 180(7), 156(21), 149(36), 140(12), 136(100), 
135 (62), 124 (13), 122 (37). 

C„H 24 N 2 (280.4) 

Calcd. C 81.38 H 8.63 N 9.99 
Found C 80.70 II 8.79 N 10.03 

CAS Registry Numbers 

2a: 129217-49-8 / 5-anli,6-syn-2b: 129217-50-1 / 5-syii,6-syn-2b: 
129263-24-7 / 2c: 129217-51-2 / 2d: 129217-52-3 / 3: 121851-97-6 / 
4a: 129217-53-4 / 4b: 129217-54-5 / 4c: 129217-55-6 / 6a: 129217- 
56-7 /6b: 129217-57-8 / 7a: 129217-58-9 / 7b: 129217-59-0 / 8: 87- 
51-4 / 9a: 129217-60-3 / 9b: 81177-00-6 / 10a: 129217-61-4 / 10b: 
26512-15-2 / 11a: 129217-62-5 / lib: 2288-55-3 
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